Supporting Material

Simulation Methods
The following summarizes the methods we employed to conduct simulations of action potential (AP) propagation on a one-dimensional myofiber consisting of serially arranged ventricular cells. From the equivalent circuits in Fig. 1 B, we can derive a circuit equation at arbitrary time t using Ohm's law and Kirchhoff's law, leading to the simultaneous equation (Eq. S1):
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where [ ] t represents the transpose operation. Each function, v N,k , for N = 1,…,64 and k = 1,…,5, except for v 1,1 and v 64,5 , in the voltage vector is given by Eq. S4: V V v N N N N N N N N N N N N N N N N N where 1 C, on the other hand, can be derived by setting the cleft resistances, R d and R j , to zero in Eq. S1.
Modulation of Intracellular Axial Current by Subcellular NaCh Distribution
The amounts of the post-junctional I Na and I N g , i.e., the intracellular axial current, both of which were modulated by the subcellular NaCh distribution, were associated with the formation of an AP upstroke of the cell. Another reason of the reduction in the intracellular axial current might be the attenuation of post-and pre-junctional I Na (24). As shown in Fig. S3 C, when the G g was relatively high and NaChs were only localized in JM, the amplitudes of post-and pre-junctional I Na in the cleft model were smaller than those in the non-cleft model (lower panel in Fig. S3 C) . The reason for this difference was a marked decrease of the driving force of the pre-and post-junctional I Na as discussed previously (24). The reduction in the driving force resulted in an attenuation of junctional I Na even before the onset of the voltage-dependent inactivation of the NaChs. The attenuation of post-junctional I Na in the cleft model was much greater than that in the non-cleft model because the extracellular cleft potential did not affect the transmembrane potentials of the JMs in the non-cleft model (Fig. S3 C) . The attenuation in the post-junctional I Na also resulted in the reduction in the intracellular axial current. In the presence of NaChs in the LM (Fig. S1 B) , the influx of NaCh current from the LM into the cell could, however, boost the local currents and thereby enhanced the intracellular axial current.
The enhancement of the intracellular axial current resulted in both the earlier upstroke and the augmented activation in the pre-JM of the cell. Since the earlier upstroke (phase-0) of transmembrane potential in pre-JM caused the increase in the potential difference between pre-and post-JMs at cell junctions (Fig. S1 B-I) , the I N g increased as well. Therefore, the intracellular axial current in the cleft model in the presence of NaChs of LM was larger than that in the absence of NaChs of LM.
Effects of Alteration of Gap-junctional Conductance on Cleft Potential
As the G g was reduced, the I N g was decreased (Fig. S3 A) . Thus, the amplitude of phase-0 of transmembrane potential in the post-JM becomes lower (compare Fig. S1 A and C). Since the reduction in the driving force in post-junctional I Na was inhibited, the amplitude of the post-junctional I Na was increased by reducing the G g (see the bottom panel in Fig. S3 C) and then the intracellular axial current was enhanced. In this situation, a further increase of NaChs on the LM resulted in an additional increase in the intracellular axial current. Enhancing intracellular axial current causes an increase in the upstroke velocity of depolarization at phase-0 of the regional membrane voltage in the pre-JM. Thus, the depolarization peak of the regional membrane potential in the pre-JM was elevated by the cleft potential, and the depolarization peak of the regional 4 membrane voltage in the JM reached 86.6 mV (see Fig. S1 D-I) . Therefore, the peak potential in the JM exceeded the reversal potential ~65 mV of the pre-junctional I Na . As a consequence, the pre-junctional I Na changed from inward to outward current (see Fig.   S1 D-II). The negative cleft potential peak was markedly reduced by the outward NaCh current (see Fig. S3 B and Fig. S1 D-III) . The reduction in the cleft-potential peak resulted in an insufficient elevation in the transmembrane potential in the post-JM, and thereby the NaChs in the post-JM could not be activated. Therefore, an increase of NaChs on LM resulted in a failure of AP propagation through the EF mechanism between some of the adjacent cells as the G g was decreased. However, there was a slight current flow through the gap junction, resulting in the slower depolarization of the post-JM. As a result, AP propagation could be maintained even if the EF mechanism failed to act as the propagation mechanism. Nevertheless, because the propagation via gap-junctional mechanism became slow, the conduction velocity (CV) in the cleft model, where NaChs were present on LM, abruptly decreased with the reduction in G g . fixed at a normal value (2.534 µS), while the G g in (C) and (D) was fixed at 3% of the normal value. %g Na,JM and %g Na,LM indicate the NaCh conductance of the junctional membrane (JM) and that of the lateral membrane (LM), respectively. In the strand model, we employed 0.25 µS for the cleft conductance (G j ).
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FIGURE S2 Conduction velocity (CV) versus gap-junctional conductance (G g ) when the NaCh distribution was altered while maintaining the total NaCh conductance per cell at the g Na , corresponding to ~1.23 µS. For comparison, the dashed line represents the CV in the case of 100%g Na,JM with 0%g Na,LM in the non-cleft model (red line, Fig. 5 A).
FIGURE S3 Amplitudes of the gap junctional current I g (A), cleft potential V j (B), and NaCh current I Na at junctional membrane (1st and 5th segments of the cell) (C) as a function of the gap-junctional conductance (G g ). All data were obtained at the junction between the 31st and 32nd cells. In the cleft model, we fixed the cleft conductance (G j ) at 0.25 µS.
